The composition of forest litter and understorey layer, and fungal biomass (in terms of ergosterol) were measured in eight subplots over a winter -spring period (January to April). The sampling site was positioned in a range of woodland habitats (variously dominated by beech, Fagus sylvatica ; birch, Betula pendula × pubescens , and oak Quercus petraea ) and a clear area covered with grass (dominated by Holcus lanatus ). The results were analysed together with data on bacteria and microinvertebrates available from parallel research. Levels of ergosterol in individual subplots ranged between 50 and 160 µ g g − 1 DW. Fungal biomass decreased in March, and then increased signifi cantly in April. Stepwise regression models for ergosterol indicated positive relationships with moisture content (February), bacteria (all but February and March), fl agellates (February) and plant-feeding nematodes and fl ies (January, overall). The relationships with roots, seeds, the collective variable ' other microinvertebrates ' (all March), amoebae (February) and fragments (March, overall) were negative, while the relationship between fungi-and microbial-feeding nematodes changed sign between February ( − ) and March (+). Results of analysis of covariance for fungal ergosterol were signifi cant only for January and the combined dataset. In January, fungi were shown to be signifi cantly related to amoebae, bacteria and a collembolan Folsomia candida , while the only signifi cant predictor returned by the overall model was bacteria. Correlation analysis confi rmed some effects already noted, and revealed a number of further interactions. The results highlighted the complexity of factors infl uencing temporal dynamics and spatial variability of Downloaded from https://academic.oup.com/forestry/article-abstract/79
Introduction
Heron Wood represents a unique wooded area specifi cally designated for cryptogamic, especially mycological, and ecological research. Situated in the Scottish Borders within properties handed for management and development by the Secretary of State for Scotland to the Royal Botanic Garden, Edinburgh, in 1968, it is exceedingly well documented. Intensive recording has been undertaken since 1994. The previous research conducted at the sanctuary has concentrated on fun gal biodiversity ( Watling, 2001a ; Walker et al. , 2002 ) , fungal -microbial interactions in soil ( Krivtsov et al. , 2001a ( Krivtsov et al. , , b , 2002 ( Krivtsov et al. , , 2003 and infl uences of fungi, protozoa, bacteria and litter composition on forest litter nematodes ; Thompson et al. , 2001 ) . There is, however, no detailed published information on ecological interactions between forest litter fungi and other parameters at the site. This paper focuses on the dynamics of fungal biomass in the forest litter during a winter -spring period (i.e. the time when pronounced ecological changes could be expected), and the concurrent fungal interrelations with litter composition and other biota.
The importance of fungi in the decomposition of plant remains, biogeochemical recycling in the soil/litter subsystem and overall ecosystem functioning is well recognized ( Carroll and Wicklow, 1992 ) . To date, many fi eld and laboratory studies have addressed various important issues related to fungal -environmental interactions and the fungal role in the ecosystem structure and functioning, including environmental aspects of fungal biodiversity and succession using observations of fruit bodies ( Watling and Gregory, 1980 ; Keizer and Arnolds, 1994 ; Watling, 1995 Watling, , 1997 Watling, , 2001b Jumpponen et al. , 1999 ; HeilmannClausen, 2001 ) and molecular techniques ( Gardes and Bruns, 1996 ) , aspects of fungal involvement in the decomposition of specifi c types of litter ( Singh et al. , 1990 ; Becker et al. , 1991 ; Cornejo et al. , 1994 ) , ecological characteristics of important species ( Watling, 1992 ( Watling, , 1997 White et al. , 1997 ) , plant -mycorrhizal interactions ( Mason et al. , 1982 ; Danielson and Visser, 1989 ) , seasonal dynamics of fungal mycelium ( Golovchenko and Polyanskaya, 2000 ) and differences in fungal mycelium abundance in different types of soil and litter ( Polyanskaya et al. , 1995 ) . A number of studies have also examined fungal interrelations with other biota, including bacteria ( Ohtonen et al. , 1992 ; Sidorova and Velikanov, 1997 ; Zhang and Zak, 1998 ; Griffi ths et al. , 1999 ; Moller et al. , 1999 ; Okoh et al. , 2000 ) , bacteria and forest litter composition ( Kshattriya et al. , 1994 ) , bacteria and actinomycetes ( Golovchenko and Polyanskaya, 1996 ; Alekhina et al. , 2001 ) , bacteria and protozoa ( Griffi ths et al. , 2001 ) , microarthropods ( Maraun and Scheu, 1996 ) , bacteria and nematodes ( Mikola and Sulkava, 2001 ) , plants and nematodes ( Perez-Moreno and Read, 2001 ) and nematodes, rotifers and microarthropods ( Pouyat et al. , 1994 ) .
Despite the wealth of the accumulated data, only a few studies attempted to simultaneously in situ elicit the complexity of ecological interactions involving fungal mycelium in forest litter ( Ponge, 1991 ; Dilly and Irmler, 1998 ; Okoh et al. , 1999 ; Shvarts et al. , 1999 ; Pavlova et al. , 2000 ; Donegan et al. , 2001 ; Frouz et al. , 2001 ) , and consideration of biological variables in most studies has been rather limited. Hence, more synecological studies are needed to enhance our understanding of the fungal role in ecological interactions in forest litter. Detailed accounts of these interactions will further aid our understanding of forest ecosystem dynamics and may also have implications for issues of wood decay and its biocontrol ( Score and Palfreyman, 1994 ; Palfreyman et al. , 1995 Palfreyman et al. , , 1996 Palfreyman et al. , , 2001a White et al. , 1996 ; Score et al. , 1998 ; Payne et al. , 2000 ) and for global biogeochemical cycles and overall functioning of the biosphere ( Watling, 1988 ; Watling and Harper, 1998 ) .
The main objective for the research presented in this paper was an exploratory investigation of fungal biomass in forest litter. Most of the registered interactions appeared to be transient, and this should be taken into account while interpreting environmental observations. Interpretation of the specifi c relationships is given and implications for further research and overall ecosystem functioning are discussed.
complex interrelations between fungal mycelium and a number of other ecosystem components in the forest litter of the Heron Wood Reserve (which features the only British mycological sanctuary) during a winter -spring period. Characterization of the forest litter subsystem of this important (i.e. for ecological research) site, in terms of its litter composition, and the interrelations between various litter components has been another important objective for this paper.
Materials and methods

Site description
Heron Wood (Peeblesshire, Scotland) is a very old ornamental beech ( Fagus sylvatica L.) plantation invaded by young birch ( Betula pendula × pubescens Ehrh.) over 20 years ago, and offers a wide diversity of microhabitats ( Figure 1 ). Within Heron Wood there are scattered volunteer oaks ( Quercus petraea (Matts.) Liebl.), possibly refl ecting the former history of the site. Heron Wood is 7.5 ha in size and is divided into the sanctuary, which is not actively managed, and the reserve, where limited management is undertaken. The latter is about one-third of the whole designated area. The layout of the sampling site was in accordance with standard practice used by the Forestry Commission, and covered a range of woodland habitats (variously dominated by beech, birch and oak) and a clear area covered with grass (dominated by Holcus lanatus L.).
Sampling and analysis
In order to study the diversity and ecological interactions, careful monitoring is necessary, and within the sanctuary at Heron Wood a 10 000-m 2 plot has been delineated. In each quarter of this biodiversity plot, two smaller subplots 100 m 2 in size have been designated, making eight subplots (i.e. sites) in all (a plan adopted from earlier mycodiversity studies undertaken in the UK, including Scotland, by the Forestry Authority and the British Mycological Society). Composite samples of forest fl oor (consisting predominantly of forest litter) were collected monthly (January to April 2001, each month 32 samples: eight subplots, four replicates from each) using a plastic sampling frame (10 × 15 cm). The sampling depth was variable (depending on the thickness of the litter cover), and was determined by the lower limit of the fragmentation layer. The exact positions of sampling points were determined a priori using a random number generator. In the laboratory, the samples were hand sorted into various components (see Table 1 ). Moisture content was determined via weight loss after drying for 48 h at 80°C. The litter composition was determined on a per cent (weight by weight) basis.
For assessment of fungal biomass, subsamples of fresh litter were shredded and ergosterol (a biomarker for total live fungal content -see e.g. Scheu and Parkinson, 1994 ) was extracted after Ruzicka et al. (1995) . Ergosterol concentration in the extracts was assayed by high-performance liquid chromatography (Spectra-Physics) using hexane -isopropanol (98:2 per cent, v/v) as a mobile phase. The ergosterol peaks at 282 nm were registered using a UV absorbance detector and quantifi ed using an automatic integrator.
Apart from the forest litter composition and ergosterol concentration reported here, the dataset analysed also included information on bacteria and microinvertebrates, studied in parallel projects using standard methods (for details, see e.g. Krivtsov et al. , 2003 , and references therein). Bacteria were counted under a fl uorescence microscope following extraction by shaking in phosphate buffer and staining with DTAF ( Alef and Nannipieri, 1995 ) . Nematodes, enchytraeid worms and tardigrades were counted Thompson et al. , 2001 ) under a light microscope following extraction using Baermann funnels. Microarthropods (dominated by a collembolan Folsomia candida ) were extracted using Tullgren funnels ( Southwood, 1978 ) and subsequently counted under a light microscope. The abundance of protozoa was estimated using the most probably number method ( Bamforth, 1995 ) .
Data analysis
Statistical methods applied included analysis of variance (ANOVA), analysis of covariance (ANCOVA), correlation and stepwise regression analysis. ANOVA and correlation analysis are the usual methods of choice in studies of soil and litter ecosystems (see Wardle, 2002 , and references therein).
ANOVA was initially applied to test for signifi cant differences among the mean of specifi c dependent variables as regards sampling dates and sites. ANCOVA, an extension of ANOVA, tests whether there are differences among the sampling dates and sites after controlling for linear covariates or ' uncontrollable ' parameters such as moisture content.
Correlation analysis shows the strength of ' pairwise ' linear relationships between the explanatory variables. In particular, correlation analysis has been helpful for eliciting the relationships between specifi c litter components. Stepwise regression is an algorithm used to fi nd a subset of explanatory variables (X1, X2, … , Xm) which provides a suitable multiple linear regression model for a dependent variable, Y . This algorithm was chosen as an effi cient method to select from a possibly large number of explanatory variables. Its main advantages are the following: Firstly, only variables that signifi cantly improve the model are included. Secondly, redundant variables are excluded from the model. Thirdly, possible problems of multicollinearity are reduced since only variables that provide additional information to those included in the model are added. The fi nal result is a multiple linear regression model which has an associated goodness-of-fi t measure (e.g. R 2 ). Although the value for R 2 can be low for the results from stepwise regression, the model will be signifi cantly better than the null model.
Results
Sample mass of individual samples ranged between 46 and 322 g, and was signifi cantly dependent on site (one-and two-way ANOVA), but not on date, with values at site 1 (153 g) being signifi cantly higher than values at sites 2 -4 and 6 -8 ( Table 1 ) . No signifi cant site × date interaction effect was revealed by two-way ANOVA.
Litter composition and moisture content
Variation in average composition of the forest litter samples collected from different sites refl ected differences in the predominant vegetation ( Table 1 ) . Birch leaves were most abundant at sites 5 and 6, while the most abundant components at sites 1 and 8 were seeds (which were dominated by heavy beech seeds) and beech leaves. Site 4 was dominated by grass with H. lanatus , the main contributor to both aboveground vegetation and roots. It should be noted, however, that remains of certain vegetation components were often found at sites where the corresponding vegetation was absent (e.g. leaves at site 4), thus suggesting redistribution of forest litter by wind and animal activity. January values (mean = 75.7 per cent) being signifi cantly ( P = 0.033) different from April (mean = 72.2%) ( Table 1a ). The grass site 4 was the wettest (78.33%), and was signifi cantly different from the beech sites 1, 2 and 8, which were drier than other sites. Site 8 was the driest (mean 69.9%), and was signifi cantly different from sites 3 -6, while sites 1 and 2 were signifi cantly different from sites 4 and 6, and 4, respectively. Twoway ANOVA confi rmed signifi cant effects of date and site, but revealed no signifi cant date × site interaction.
Fungi
Changes in ergosterol content of the leaf litter are shown in Figure 2 . Levels of ergosterol in individual subplots ranged between 50 and 160 µ g g − 1 DW. The mean level of fungal biomass (in terms of ergosterol) was similar throughout the research period ( ~ 130 µ g g − 1 DW), except for a minimum of 96 µ g g − 1 DW registered in March. The only signifi cant difference revealed by one-way ANOVA was between April and March results. Two-way ANOVA confi rmed the signifi cance of the date effect ( P = 0.011). Effects of site and site × date interactions were, however, insignifi cant.
Stepwise regression models Table 2 shows the fi nal model with the regression coeffi cient (showing whether the relationship is positive or negative) and the T ratio (indicating the relative importance) for each variable and the R 2 value for the model. Hence, the reader is able to gauge the weight to be given to individual variables and the overall model. The percentage of the total variance explained by the models was variable. The models were quite strong during the fi rst 3 months of the investigation. R 2 increased from January till March, but then dropped dramatically in April. The R 2 value for the overall model (i.e. 36.7%) was higher than that for April (21%), but much lower than that for the January to March period (61.7 -83.9%). The number of predictors returned by the models also increased between January (3) and March (5), and then dropped dramatically in April (1 predictor only), while 4 predictors were found by the overall model.
In stepwise regression analysis, fungi appeared among signifi cant predictors solely for bacteria (V. Krivtsov and H. J. Staines unpublished). However, the models for ergosterol presented here indicated positive relationships with moisture content (February), bacteria (all but February and March), fl agellates (February) and plant-feeding nematodes and fl ies (January, overall). The relationships with roots, seeds, the collective variable ' other microinvertebrates ' (all March), amoebae (February) and fragments (March, overall) were negative, while the relationship between fungiand microbial-feeding nematodes changed signs between February ( − ) and March (+).
It should be noted that in the dataset analysed the ranges of variables vary widely, which, in turn, is refl ected in the models' coeffi cients being of different orders of magnitude. Therefore, while interpreting the relative signifi cance of the predictors, the T ratios (given in parentheses -see Table 2 ) are of primary importance. However, as regards the specifi c components of forest litter, the magnitude of coeffi cients combined with the mass fractions for specifi c components, may also be interpreted as an indicator of practical importance for predicting the values of fungal ergosterol. For example, the fragment, root and seed coeffi cients are all of the same order (1 -2), but fragments are several times more abundant than the other two, and so will appear to have several times more effect in the model as a predictor of fungal levels.
Analysis of covariance
Results of ANCOVA for fungal ergosterol were signifi cant only for January and the combined dataset. In January, fungi were shown to be signifi cantly related to amoebae, bacteria (used as abundance in power 6) and F. candida (with model coeffi cients and T ratios being 0.08 and 0.016, 0.219 and 0.042, and − 0.059 and 0.032, respectively), whose abundance at the time was 491 (per g DW), 907 (per g DW) and 563 (per 100 g DW). The only signifi cant predictor returned by the overall model was bacteria (with the coeffi cient, T ratio and abundance per gram dry weight being 0.101, 0.001 and 822 × 10 6 , respectively).
Correlation analysis
The relevant signifi cant ( P ≤ 0.05) Spearman correlations between the variables measured are presented in Tables 3 -5 . Specifi cally, these data fall into the following categories: positive and negative correlations between the litter components, refl ecting phytosociological associations of the plant cover ( Table 3 ) , correlations between litter Each column gives the fi nal stepwise regression model with fi gures representing regression coeffi cients and T ratios (in parentheses). Total percentages of the variance explained are given in a separate row. Variable ' Flies ' was expressed as presence/absence (i.e., 1 and 0, respectively). Only correlations signifi cant at 95% probability level (two-tailed signifi cance P £ 0.05) are presented. Sample n = 32 for each month, and sample n = 128 for the combined (overall) dataset. The most persistent correlations (registered for all datasets, or with r > 0.5 during at least 3 months and overall) are emphasized in bold; relationships of intermediate importance (with r < 0.5 during at least 3 months and overall) are in italics. layer thickness (i.e. sample mass), moisture content and litter components ( Table 4 ) and correlations between fungi, litter composition and the abundance of other microbiota, refl ecting fungal association with particular types of forest litter and the microbiological interactions ( Table 5 ) . Among the most consistent and relatively strong relationships belonging to the fi rst category were the negative correlations of beech leaves with roots, moss, grass and birch leaves; positive relationship between beech leaves and lichens; positive relationships of birch leaves with grass, oak leaves and moss; negative relationship between birch leaves and lichens; positive relationships of grass with moss and roots and negative relationships of seeds with moss, oak and birch leaves and grass. Essentially, all these correlations resulted from the differences in vegetation among sampling sites, and refl ected the fact that beech sites were drier and darker than the other sites.
Among the important relationships belonging to the second category were positive correlations of moisture content with grass and roots. Among the important relationships belonging to the last category were the positive correlations with grass (February, overall), oak leaves (February, April, overall), moisture content (all but April), sample mass (January, March), roots (January, February), lichens (January), moss and the collective variable other microinvertebrates (March), bacteria (all but February), ciliates (February), amoebae (overall), microbial-feeding nematodes (March) and larvae (February) and negative relationships with twigs -woody debris (February), fragments (January, March, overall) and seeds (February). However, only the correlations between fungi and moisture content and fungi and bacteria proved to be relatively persistent in this category.
Discussion
Data analysis
Statistical analysis of multivariate datasets is helpful in highlighting the hidden patterns of Values represent Spearman correlations signifi cant at 95% probability level (two-tailed signifi cance P £ 0.05). Sample n = 32 for each month, and sample n = 128 for the combined (overall) dataset. The most persistent correlations (registered for all datasets, or with r > 0.5 during at least 3 months and overall) are emphasized in bold; relationships of intermediate importance (with r < 0.5 during at least 3 months and overall) are in italics.
interactions among biota (including fungi) and environmental variables (e.g. Zhang and Zak, 1998 ; Heilmann-Clausen, 2001 ; Intachat et al. , 2001 ; Krivtsov et al. , 2002 ) . In this study, simultaneous application of the chosen statistical techniques (including ANOVA, ANCOVA, correlation analysis and stepwise regression modelling) provided an important complementary highlight of the different aspects of the data collected. For example, ANCOVA not only confi rmed a positive relationship between fungi and bacteria (found by stepwise regression analysis) but also revealed a positive relationship between fungi and F. candida , which would have been overlooked otherwise. On the other hand, a number of relationships registered by stepwise regression models were not revealed by ANCOVA. Also, correlation and stepwise regression analyses highlighted the differences in fungal preferences towards specifi c constituents of forest litter, and thus infl uences of site characteristics on the variability of fungal biomass. These differences, however, were not refl ected by ANOVA analysis of ergosterol results, and would have been overlooked if only the latter technique was applied.
Forest litter composition
Signifi cant correlations between various components of forest litter appear to be related to the type of plant cover. The leaves of two main dominant tree species, i.e. beech and birch, were negatively correlated throughout the whole sampling period, thus refl ecting the difference between two major habitats. This difference was further emphasized by differences in sign of a number of other correlations. Particularly, birch-dominated subplots appeared to be much wetter, and contained less litter than beech subplots. They had, however, considerable amounts of moss, grass and roots, which were scarce in beech subplots. Oak leaves were positively related to birch, but showed no signifi cant relationship with beech, thus refl ecting the relevant unimportance of the latter in the subplots with mixed vegetation. On the other hand, beech subplots contained more Values represent correlations signifi cant at 95% probability level (two-tailed signifi cance P £ 0.05). Sample n = 32 for each month, and sample n = 128 for the combined (overall) dataset. The most persistent correlations (registered for all data sets, or with r > 0.5 during at least 3 months and overall) are emphasized in bold; relationships of intermediate importance (with r < 0.5 during at least 3 months and overall) are in italics. lichens and beech mast, which resulted in the observed correlations of the ' seed ' fraction. The samples from the only grassland subplot (4) were wetter than the samples from the other sites, and had considerable amounts of moss. Due to the presence of a conifer tree just off the subplot, the samples from subplot 4 also usually contained a considerable amount of needles, but very few twigs and woody debris. These peculiarities might have contributed to the correlation pattern observed.
It is worth pointing out that the fraction ' wood ' studied in this research was not uniform, but included twigs, parts of branches and other woody debris. The relationships revealed for this combined variable should, therefore, be treated with caution. There were only a few signifi cant relationships revealed for this variable, and most correlations were registered in February, when a considerable amount of wood was mainly found in beech subplots. However, a similar average value for wood fraction was observed in April, but it did not appear to be associated with any particular vegetation. Hence, the results observed in February might have partly resulted from the random choice of specifi c sampling points.
Variation in fungal ergosterol and infl uences by site characteristics
Our results have clearly shown that fungal biomass was infl uenced by physical factors and a number of biological interactions, including those related to the resource quality, habitat preferences and grazing by certain microinvertebrates. Some of the relationships described in this study were also addressed by previous research. For instance, the infl uence of physical factors, including temperature and/or moisture content, was reported by Berg and Verhoef (1998) , Zhang and Zak (1998) , Okoh et al. (1999) and Kayang (2001) . Fungal abundance in different subplots (data not shown) and the results of statistical analysis (e.g. positive overall correlation with birch leaves, negative relationship with seeds registered by stepwise regression analysis) appear to suggest that litter at subplots dominated by birch or mixed vegetation might have been somewhat more preferable for fungal mycelium. This is in line with other studies, which showed low palatability of beech litter due to its low pH and a higher content of phenolic compounds (see e.g. Swift et al. , 1979 ; Cornelissen, 1996 , and references therein). However, the effect of site was not signifi cant in the ANOVA analysis; hence, physical factors (e.g. low temperatures) might, to a degree, have masked the potentially important relationships between fungi and different vegetation.
The temporal changes in fungal biomass in leaf litter apparent in this study were also reported by previous research (e.g. Pavlova et al. , 2000 ) . The relative importance of physical and biological factors (as regards fungal biomass dynamics) might have changed at the end of winter. Combined with a slow increase of growth, elevated grazing pressure at that time would have resulted in the minimum of ergosterol content registered in March. In April, however, ergosterol content related little to other variables studied, and the negative infl uences, therefore, appear to have been overcome.
Fungal interactions with nematodes and protozoa
Most of the relationships between fungi and protozoa registered in this study were positive, and might be explained by elevated activities of both groups in decomposition hot spots. It should be noted, however, that according to ANCOVA the relationship between fungi and amoebae in January appeared to be positive, in contrast to the negative interaction found in February by stepwise regression. Hence, this interaction is likely to be a complex result of a combination of counteracting indirect effects ( Krivtsov et al. , 2000 ; Krivtsov, 2001 ) , and its elucidation requires further work.
The relative ecological importance of nematode functional groups was previously shown to be infl uenced by the organic matter distribution ( Krivtsov et al. , 2001a ) , and, in turn, may affect the relative importance of fungal and bacterial pathways ( Mikola and Sulkava, 2001 ). The relationships between fungi and different trophic groups of nematodes reported here also appeared to be highly complex, and might have been infl uenced by seemingly unrelated factors . The change in sign of the relationship between fungi-and microbial-feeding nematodes registered between February and March by stepwise regression analysis might have been related to changes in the relative representation of bacterial-and fungal-feeding nematodes. Unfortunately, however, we only had data on overall numbers of microbial-feeding nematodes, which precluded any further interpretation.
Fungal interactions with microarthropods
The relationship between fungi and a collembolan F. candida was previously investigated in laboratory ( Klironomos et al. , 1992 ) and fi eld studies ( Krivtsov et al. , 2003 ) . Fungi are an important food resource for collembola ( Rusek, 1998 ) , and a positive relationship may be expected due to the attraction of Folsomia to the hot spots of their preferred food resource, and/or the stimulation of fungal growth by grazing (see Macfadyen, 1961 ; Gange, 2000 ) . However, grazing may reduce fungal standing crop by as much as 70% ( Leonard and Anderson, 1991 ) , thus resulting in a negative relationship. The absence of signifi cant negative relationships between fungi and Folsomia in most of the months studied suggests that in this research grazing by Folsomia may have only been important in limiting the abundance of fungal mycelium in January.
The results of stepwise regression modelling suggest that grazing by microarthropods other than collembola might have been responsible for the registered spring decrease in fungal biomass. Various microarthropods (e.g. collembola, mites, beetles and millipedes) are known to feed on detritus ( Griffi ths and Bardgett, 1998 ), with preferential digestion of microbial biomass (e.g. Kurihara and Kikkawa, 1986 ; Maraun and Scheu, 1996 ) . The interactions involving specifi c groups are, however, subject to seasonal and resourcedependent successional changes ( Shvarts et al. , 1999 ) . Consideration of the dynamic nature of these relationships is paramount for the correct interpretation of the biological variation observed in leaf litter, and is, therefore, important for the understanding of overall functioning of terrestrial ecosystems.
Transient nature of ecological interactions
The monthly sampling provided four separate snapshots of fungal interactions in the context of the ecosystem studied, and the pattern of the rel ationships recorded was considerably different for each month. The results of this study highlighted the complexity and transience of fungal interactions with other ecosystem components. Temporal changes in the strengths, relative importance and number of signifi cant interactions between fungi and other litter biota have also been reported from other ecosystems (e.g. Dilly and Irmler, 1998 ) .
A number of previous studies provided phenomenological evidence that ecological interactions of fungi in forest litter depend on habitat characteristics and are subject to seasonal and longer term successional changes ( Ponge, 1991 ; Okoh et al. , 1999 ; Shvarts et al. , 1999 ; Pavlova et al. , 2000 ) . The present research has not only confi rmed these observations, but also provided further statistical evidence from a suite of mathematical methods. The complexity and transience of ecological interactions warrant a word of caution regarding any purely laboratory evidence taken out of the relevant ecosystem context, and conclusions of those fi eld studies that base their comparative analysis on a single sampling. In a natural ecosystem, different processes become important at different stages of the seasonal cycle and long-term successional development, and this should be taken into consideration while interpreting the patterns observed.
Conclusion
The dynamics of fungal biomass appeared to be infl uenced both by physical and biological factors and their relative importance appear to have changed at the end of winter. Combined with a slow increase of growth, elevated grazing pressure at that time might have resulted in the minimum of ergosterol content registered in March. In April, however, ergosterol content related little to other variables studied, and the negative infl uences, therefore, appear to have been overcome.
Fungal biomass in forest litter appeared to show some preference for birch and mixed (mainly birch/oak) vegetation. However, this might also have been infl uenced by a lower moisture content at beech sites. The ecological interactions registered in this research were indicative of the specifi c conditions of the study, and may, therefore, prove useful for future reference.
The results of this study highlighted the complexity of factors infl uencing temporal dynamics and spatial variability of fungal biomass in forest litter. Most of the registered interactions appeared to be transient, i.e. manifested only at certain parts of the research period. The complexity and transience of ecological relationships should be borne in mind while interpreting environmental datasets.
